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57 ABSTRACT 
(21) Appl. No.: 11/686,980 ( ) 

. _ A method for fabricating a transistor. A substrate having a 
(22) Flled' Man 16’ 2007 gate electrode thereon and insulated therefrom is provided. A 

?rst gate spacer With a ?rst dielectric material is formed on the 
(51) Int. Cl. . . . . 
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(52) US‘ Cl‘ """"""""""" " the ?rst gate spacer and the gate electrode, Wherein the ?rst 

58 F M f Cl _? _ s h ' 168/301 05 dielectric material has an etching selectivity relative to the 
( ) 1e 0 assl canon earc """" " 438/36; 514’ second dielectric material. Ion implantation is performed on 

S 1, _ ?l f 1 h h, ’ the substrate to form source/ drain regions in the substrate and 
ee app lcanon e or Comp ete Seam lstory' substantially self-aligned With the liner on the ?rst gate 

(56) References Cited spacer. The liner is removed from the upper surfaces of the 
gate electrode and the source/drain regions. A method for 

us PATENT DOCUMENTS fabricating a semiconductor device is also disclosed. 
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METHOD FOR FABRICATING 
SEMICONDUCTOR DEVICE WITH THIN 

GATE SPACER 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The invention relates to semiconductor technology and in 

particular to fabrication of a semiconductor device With thin 
gate spacer capable of increasing spacer merge WindoW While 
maintaining device performance. 

2. Description of the Related Art 
In current integrated circuit technology, semiconductor 

device manufacturers are constantly improving device per 
formance While loWering manufacturing cost. Accordingly, 
semiconductor device siZes have been continuously reduced 
so that more devices canbe formed on a single chip. HoWever, 
in reducing device siZe other factors arise to limit perfor 
mance. For example, since Metal-Oxide-Metal (MOS) tran 
sistors are Widely used in semiconductor devices, as the semi 
conductor devices siZe is reduced, the gate electrode Width, 
gate-to-gate spacing and gate-to contact spacing are 
decreased, inducing short channel effect (SCE) and causing 
gate spacer merge. 

Such an adverse effect (i.e. SCE) can result in decreased 
source-drain break-doWn voltage, increasing junction para 
sitic capacitance and unstable threshold voltage and is di?i 
cult to control due to source/drain dopant lateral diffusion in 
reduced device siZe. Additionally, gate spacer merge results 
in contact hole failure, such that the integrated circuit is 
opened. 

The gate spacer merge Window is limited by the deposition 
thickness of the ?lm for gate spacer formation. To avoid gate 
spacer merge, thinner spacers are Widely used. HoWever, to 
control the SCE for the semiconductor device With thinner 
gate spacer, the source/drain implant energy must be reduced 
to reduce source/drain dopant lateral diffusion, resulting in 
reduced source/drain junction depth. In such a case, junction 
leakage induced by silicide formed on source/drain regions 
may be aggravated. Accordingly, balance must be struck 
betWeen source/drain junction depth and gate spacer merge 
WindoW. 

Thus, there exists a need for an improved method for fab 
ricating a semiconductor device to increase gate spacer merge 
WindoW Without SCE degradation. 

BRIEF SUMMARY OF INVENTION 

A detailed description is given in the folloWing embodi 
ments With reference to the accompanying draWings. Meth 
ods for fabricating a transistor and a semiconductor device are 
provided, respectively. An embodiment of a method for fab 
ricating a transistor comprises providing a substrate having a 
gate electrode thereon and insulated therefrom. A ?rst gate 
spacer With a ?rst dielectric material is formed on the side 
Walls of the gate electrode. A liner With a second dielectric 
material is formed on the upper surfaces of the substrate, the 
?rst gate spacer and the gate electrode, Wherein the ?rst 
dielectric material has an etching selectivity relative to the 
second dielectric material. Ion implantation is performed on 
the substrate to form source/ drain regions in the substrate and 
substantially self-aligned With the liner on the ?rst gate 
spacer. The liner on the upper surfaces of the gate electrode 
and the source/ drain regions is removed. 
An embodiment of a method for fabricating a semiconduc 

tor device comprises providing a substrate having at least tWo 
conductive line elements thereon and insulated therefrom. 
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2 
First spacers With a ?rst dielectric material are formed on the 
sideWalls of the conductive line elements, respectively. A 
liner With a second dielectric material is formed on the upper 
surfaces of the substrate, the ?rst spacers and the conductive 
line elements, Wherein the ?rst dielectric material has an 
etching selectivity relative to the second dielectric material. 
Ion implantation is performed on the substrate to form doped 
regions in the substrate and substantially self-aligned With the 
liner on the ?rst spacers, respectively. The liner is removed 
from the upper surfaces of the conductive line elements and 
the doped regions. 

BRIEF DESCRIPTION OF DRAWINGS 

The invention can be more fully understood by reading the 
subsequent detailed description and examples With refer 
ences made to the accompanying draWings, Wherein: 

FIG. 1 is a plan vieW of an embodiment of a semiconductor 
device including transistors; 

FIGS. 2A to 2F are cross sections of an embodiment of a 

method for fabricating the semiconductor device in FIG. 1; 
and 

FIGS. 2E-1 to 2F-1 are cross sections of an embodiment of 
intermediate steps for fabricating the semiconductor device 
in FIG. 1. 

DETAILED DESCRIPTION OF INVENTION 

The folloWing description is of the best-contemplated 
mode of carrying out the invention. This description is pro 
vided for the purpose of illustrating the general principles of 
the invention and should not be taken in a limiting sense. The 
scope of the invention is best determined by reference to the 
appended claims. An embodiment of a method for fabricating 
a semiconductor device Will be described beloW With refer 
ence to the accompanying draWings. 
The invention relates to an improved method for fabricat 

ing a semiconductor device With thin gate spacer. FIG. 1 is a 
plan vieW of an embodiment of a semiconductor device 
including transistors. FIGS. 2A to 2F are cross sections along 
the line 2-2' shoWn in FIG. 1, shoWing an embodiment of a 
method for fabricating a semiconductor device. In FIG. 2A, a 
substrate 100, such as a silicon substrate or other semicon 
ductor substrate, is provided. The substrate 100 comprises 
active regions de?ned by isolation structure 103, as shoWn in 
FIG. 1. The isolation structure 103 may comprise ?eld oxides 
formed by conventional isolation technologies, such as local 
oxidation of silicon (LOCOS) or shalloW trench isolation 
(STI). Gate electrodes are formed in the corresponding active 
regions. To simplify the diagram, only tWo gate electrodes 
104 are depicted. The gate electrode 104 may be considered 
as a conductive line element, as shoWn in FIG. 1. For example, 
the conductive line element 104 may be a Word line of a 
memory device and comprise metal or doped polysilicon. 
Typically, the gate electrodes 104 are insulated from the sub 
strate 100 by a gate dielectric layer 102. Ion implantation 10 
is performed on the substrate 100 using the gate electrodes 
104 as an implant mask, to form lightly doped regions 101, 
such as lightly doped drain (LDD) regions. 

In FIG. 2B, a dielectric layer 106 is conformally deposited 
over the substrate 100 including the gate electrodes 104. The 
dielectric layer 106 may comprise silicon oxide, silicon 
nitride, or silicon oxynitride and be formed by chemical vapor 
deposition (CVD) or other conventional deposition. More 
over, the dielectric layer 106 has a thickness of about 300 A to 
600 A. Thereafter, the dielectric layer 106 is anisotropically 
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etched to form gate spacers 107 With a thickness of about 300 
A to 600 A on the sidewalls of the gate electrodes 104, as 
shown in FIG. 2C. 

In FIG. 2D, a sacri?cial liner 108 With a thickness of about 
30 A to 50 A is conformally deposited on the upper surfaces 
of the substrate 100, the gate spacers 107 and the gate elec 
trodes 104. The sacri?cial liner 108 may comprise silicon 
oxide, silicon nitride, or silicon oxynitride and be formed by 
chemical vapor deposition (CVD) or other conventional 
deposition. HoWever, note that the dielectric layer 106 shoWn 
in FIG. 2B has an etching selectivity relative to the sacri?cial 
liner 108. In this embodiment, for example, the dielectric 
layer 106 for formation of gate spacers 107 comprises silicon 
nitride and the sacri?cial liner 108 comprises silicon oxide. 
Since an etch chemistry for anisotropically etching silicon 
nitride is typically based on hydrogenated carbon ?uorides, 
non-protected top surfaces of the gate electrodes 104 and the 
substrate 100 are etched. Consequently, a thin oxide liner (not 
shoWn) may be optionally formed on the surfaces of the 
substrate 100 and the gate electrodes 104 by oxidation or 
deposition, prior to the deposition of the silicon nitride layer 
for formation of gate spacers. In some embodiments, the 
dielectric layer 106 for formation of gate spacers 107 may 
comprise silicon oxide and the sacri?cial liner 108 may com 
prise silicon nitride. After formation of the liner 108, ion 
implantation 20 is performed on the substrate 100 to form 
heavily doped regions 109 in the substrate 100, serving as 
source/drain regions. Since the sacri?cial liner 108 covering 
the gate spacers 107 may act as a second gate spacer to 
increase the total spacer Width, the source/drain regions 109 
are substantially self-aligned With the sacri?cial liner 108 on 
the corresponding gate spacers 107, respectively. 

In FIG. 2E, the sacri?cial liner 108 on the upper surfaces of 
the gate electrodes 104 and the source/drain regions 109 are 
removed by etching. For example, anisotropic etching, such 
as reactive ion etching (RIE), is performed on the sacri?cial 
liner 108 to form second gate spacers 111 over the gate 
spacers 107 and expose the upper surfaces of the gate elec 
trodes 104 and the source/drain regions 109. Additionally, 
optional Wet etching may be performed after liner 108 etch 
ing, to remove any oxide from the upper surfaces of the gate 
electrodes 104 and the source/drain regions 109, if a thin 
oxide liner is formed on the surfaces of the gate electrodes 
104 and the substrate 100 prior to formation of nitride gate 
spacers 107. A metal layer (not shoWn), such as a cobalt, 
nickel, titanium or tungsten layer, is subsequently formed on 
the surfaces of the exposed substrate 100, the exposed gate 
electrodes 104 and the gate spacers 107 and 111. The metal 
layer is heated, such that the metal reacts With the silicon to 
form metal silicide layers 113 and 115 on the upper surfaces 
of source/drain regions 109 and gate electrodes 104, respec 
tively. After formation of the metal silicide layers 113 and 
115, the metal layer is removed. 

In FIG. 2F, the unnecessary gate spacer 111 is removed by, 
for example, Wet etching. An etch stop layer 120 for subse 
quent contact etching is deposited on the source/drain regions 
109 including metal silicide layers 113, the gate spacers 107 
and the gate electrode 104 including metal silicide layers 115. 
In some embodiments, the gate spacers 111 can be removed 
prior to formation of the metal silicide layers 113 and 115. As 
a result, a semiconductor device including transistors or Word 
lines With thin gate spacers is completed. 

FIGS. 2E-1 to 2F-1 are cross sections of another embodi 
ment of intermediate steps for fabricating the semiconductor 
device in FIG. 1. After formation of source/drain regions 109, 
as shoWn in FIG. 2D, the sacri?cial liner 108 on the upper 
surfaces of the gate electrodes 104 and the source/drain 
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4 
regions 109 are completely removed by isotropic etching, to 
expose the upper surfaces of the gate electrodes 104 and the 
source/drain regions 109, as shoWn in FIG. 2E-1. Thereafter, 
a method similar to that disclosed is employed to form metal 
silicide layers 113 and 115 on the upper surfaces of source/ 
drain regions 109 and gate electrodes 104, respectively. 

In FIG. 2F-1, an etch stop layer 120 for subsequent contact 
etching is deposited on the source/drain regions 109 includ 
ing metal silicide layers 113, the gate spacers 107 and the gate 
electrode 104 including metal silicide layers 115. 

According to the invention, since a thinner gate spacer is 
provided on the sideWalls of the gate electrodes or Word lines, 
gate spacer merge can be mitigated as semiconductor device 
siZe is reduced. That is, the gate spacer merge WindoW can be 
increased. Accordingly, the thickness of the etch stop layer for 
contact etching can be increased to increase device perfor 
mance. Moreover, since a thinner sacri?cial liner is formed 
after formation of the gate spacer, effective spacer Width can 
be increased, thereby mitigating lateral diffusion effect of 
source/drain regions and alloWing the formation of deeper 
source/drain junction depth. Accordingly, SCE can be miti 
gated and the junction leakage induced by silicide reduced. 
Additionally, since the thinner sacri?cial liner is removed 
prior to formation of the etch stop layer for contact etching, 
the spacing betWeen gate electrodes is not reduced, thus the 
gate spacer merge WindoW can be maintained. 

While the invention has been described by Way of example 
and in terms of preferred embodiment, it is to be understood 
that the invention is not limited thereto. To the contrary, it is 
intended to cover various modi?cations and similar arrange 
ments (as Would be apparent to those skilled in the art). 
Therefore, the scope of the appended claims should be 
accorded the broadest interpretation so as to encompass all 
such modi?cations and similar arrangements. 
What is claimed is: 
1. A method for fabricating a transistor, comprising: 
providing a substrate having a gate electrode thereon and 

insulated therefrom; 
forming a ?rst gate spacer With a ?rst dielectric material on 

the sideWalls of the gate electrode; 
forming a liner With a second dielectric material on the 

upper surfaces of the substrate, the ?rst gate spacer and 
the gate electrode, Wherein the ?rst dielectric material 
has an etching selectivity relative to the second dielectric 
material; 

performing heavy ion implantation on the substrate to form 
source/ drain regions in the substrate covered by the liner 
and substantially self-aligned With the liner on the ?rst 
gate spacer, such that the source/drain regions are spaced 
from the sideWalls of the gate electrode; and 

removing the liner from the upper surfaces of the gate 
electrode and the source/ drain regions. 

2. The method as claimed in claim 1, further comprising 
forming metal silicide on the upper surfaces of the gate elec 
trode and the source/ drain regions. 

3. The method as claimed in claim 1, Wherein the liner on 
the upper surfaces of the gate electrode and the source/drain 
regions is removed by anisotropic etching, to form a second 
gate spacer over the ?rst gate spacer. 

4. The method as claimed in claim 3, further comprising: 
removing the second gate spacer by Wet etching; and 
forming an etching stop layer on the source/drain regions, 

the ?rst gate spacer and the gate electrode. 
5. The method as claimed in claim 1, Wherein the liner is 

removed by isotropic etching to expose the upper surfaces of 
the source/drain regions, the ?rst gate spacer and the gate 
electrode. 
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6. The method as claimed in claim 1, wherein the ?rst 
dielectric material comprises silicon nitride and the second 
dielectric material comprises silicon oxide. 

7. The method as claimed in claim 1, Wherein the ?rst 
dielectric material comprises silicon oxide and the second 
dielectric material comprises silicon nitride. 

8. The method as claimed in claim 1, Wherein the ?rst gate 
spacer has a thickness of about 300 A to 600 A. 

9. The method as claimed in claim 1, Wherein the liner has 
a thickness of about 30 A to 50 A. 

10. A method for fabricating a semiconductor device, com 
prising: 

providing a substrate having at least tWo conductive line 
elements thereon and insulated therefrom; 

forming ?rst spacers With a ?rst dielectric material on the 
sideWalls of the conductive line elements, respectively; 

forming a liner With a second dielectric material on the 
upper surfaces of the substrate, the ?rst spacers and the 
conductive line elements, Wherein the ?rst dielectric 
material has an etching selectivity relative to the second 
dielectric material; 

performing heavy ion implantation on the substrate to form 
doped regions in the substrate covered by the liner and 
substantially self-aligned With the liner on the ?rst spac 
ers, respectively, such that the dosed regions are spaced 
from the sideWalls of the conductive line elements, 
respectively; and 

removing the liner from the upper surfaces of the conduc 
tive line elements and the doped regions. 
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11. The method as claimed in claim 10, further comprising 

forming metal silicide on the upper surfaces of the conductive 
line elements and the doped regions. 

12. The method as claimed in claim 10, Wherein the liner is 
removed from the upper surfaces of the conductive line ele 
ments and the doped regions by anisotropic etching, to form 
second spacers over the corresponding ?rst spacers. 

13. The method as claimed in claim 12, further comprising: 
removing the second spacers by Wet etching; and 
forming an etching stop layer on the doped regions, the ?rst 

spacers and the conductive line elements. 
14. The method as claimed in claim 10, Wherein the liner is 

removed by isotropic etching to expose the upper surfaces of 
the doped regions, the ?rst gate spacers and the conductive 
line elements. 

15. The method as claimed in claim 10, Wherein the ?rst 
dielectric material comprises silicon nitride and the second 
dielectric material comprises silicon oxide. 

16. The method as claimed in claim 10, Wherein the ?rst 
dielectric material comprises silicon oxide and the second 
dielectric material comprises silicon nitride. 

17. The method as claimed in claim 10, Wherein the ?rst 
gate spacers have a thickness of about 300 A to 600 A. 

18. The method as claimed in claim 10, Wherein the liner 
has a thickness of about 30 A to 50 A. 

19. The method as claimed in claim 10, Wherein the con 
ductive line elements are Word lines of a memory device. 

* * * * * 


